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New Understanding on Scientific Research
Abstract
With the continuous deepening of the nested influence of scientific research and economic society,
scientific research has received unprecedented attention. At the same time, it faces bottlenecks in its own
development. The scientific research itself, the scientific establishment, and the scientific policy are in a
state of change. It is necessary to understand the new laws of scientific knowledge production, and reunderstand the interactive relationship between science, technology, and engineering to expand the
boundaries of scientific research. This article analyzes the reasons for re-understanding scientific
research, expounds the new connotation of scientific research from aspects of object, function and
method, and puts forward policy recommendations to adapt the scientific changes.
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The significance of science to human society is beyond all
doubt. Globally, data of scientific research funding, talent
cultivation, and scientific papers are quite positive, but
questions like “Is science encountering a bottleneck?” or
“Does science have limitations?” start to be discussed by the
tech communities, the government, and even the public after
two scientific revolutions [1]. Meantime, new scientific research paradigms are taking shape, and scientific systems are
constantly changing. All this makes science more
complicated.

1
1.1

Reason to re-understand scientific research
Unprecedented emphasis on science

Nowadays, scientific research has become a significant
way to deal with global issues as science becomes increasingly correlated to human civilization and national welfare.
In the 21st century, S&T innovations have become unprecedentedly intensive and active, and the focus of global S&T
competition has been shifted to basic research. With its
prominent driving role in leading S&T innovations, basic
research has become a predominant force in reshaping the
world pattern and creating the future of mankind. Countries
across the world have strengthened their efforts to build
strategic layouts in future science, engineering frontiers, and
exploration into transformative and original innovations in
revolutionary technology. For example, the United States
launched the National Science Board: Vision 2030 to promote
the combination of basic research and its application; the UK

released the UK Research and Development Roadmap [2] to
increase investment in public research; Japan released the
Comprehensive Innovation Strategy in 2020 and rolled out
the Moon Shoot program which emphasizes the role of scientific research in supporting economic and social development to attract more attention on major scientific issues;
Horizon Europe, the ninth research and innovation program
of European Union, takes mission-oriented policies as one of
its focuses [3] to enhance competitiveness through targetoriented research.
China attaches great importance to S&T innovation and
considers it as the core of the overall national development.
General Secretary Xi Jinping pointed out in November 2020
at the Celebration of the 30th Anniversary of the Development and Opening-up of Pudong that “Science and technology have never exerted such a profound impact on a
country’s future and destiny, and people’s happiness and
well-being. China’s economic and social development requires more scientific and technological solutions than ever
before, and it is even more necessary to enhance innovation,
the first driving force of technology.”

1.2

A bottleneck in scientific development?

In 2018, Collison and Nielsen [4] launched an investigation: they surveyed world-famous scientists about the importance of Nobel Prize winning discoveries and further
analyzed the changes in the quality of these discoveries over
the last 100 years. The result, however, is frustrating. The
golden age of physics ranges from the 1920s to the 1930s.
Following that period, there occurs a substantial decline, with
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a partial revival in the 1960s. This indicates that the remarkable discoveries in today’s physics have become less
important in the 100-year history, as judged by physicists.
The results for the Nobel Prize in Chemistry and in Physiology or Medicine are slightly more encouraging than physics, with minor improvement in the second half of the 20th
century. But as in physics, they are neglected in the 1990s and
2000s. Though related investigations may have some limitations, they reflect partly the predicament science faces: it
becomes more difficult to have major scientific findings.
Science cannot explain clearly climate change, viruses,
dark matter, dark energy, and other phenomena, which highlights its difficult situation. How to generate new scientific
insights to inspire new technologies that reshape the world?
Scientific development requires a new “scientific and technical revolution” to lead a new round of development.
In fact, many scientists are optimistic about scientific development, such as Higgs particles, gravitational waves,
artificial intelligence, and gene-editing technology. It is difficult to estimate how the current scientific discoveries will
influence the world, but major scientific research requires
more time, funding, and personnel investment than in the
past. If the diminishing returns to science are disproportionate to the investment in it, what does it mean for the future? In
this case, the scientific community should propose measures
to reverse this phenomenon through in-depth consideration
and analysis and find a better path for future scientific
development.

are often the contribution of collective efforts and scientists
are more likely to succeed only by being included in the
framework of government or institutions. Throughout the
20th century, the size of the scientific research teams has
almost tripled on average, and this trend continues to this
day [7]. Scientific research has changed from the original
“little science” model to the combination of “little science”
and “big science.” The organization of scientific research and
the corresponding mechanism have increasingly become the
key factor for scientific development.
(3) Scientific research faces challenges in openness and
cooperation. It is necessary to adopt holistic thinking to deal
with climate change, population health, and other major
challenges of global concern and major basic scientific issues
such as material structure and cosmogenic origin. Countries
are actively working on international big science projects and
respond by integrating global resources and talents to carry
out large-scale teamwork, which reflects the universality,
community, and disinterestedness of scientific research.
Nevertheless, influenced by trade protectionism and political
populism, scientific cooperation and exchanges have also
witnessed unprecedented restrictions, and the competition in
developing essential technology, gaining the right to first
launch, and acquiring power of discourse becomes increasingly fierce. How to maintain the innovative vitality and
capability in scientific research in competition and cooperation is to be considered and tackled for all countries.

1.3
Unprecedented changes in the scientific
system

2 Re-understanding the objects, functions,
and methods in scientific research

Many countries are focusing on strategic target-oriented
scientific research when making related policies, bringing
about drastic changes in scientific systems. New concepts
such as post-normal science, post-academic science, academic capitalization, and “Mode 2” knowledge production
keep emerging in an attempt to explain, understand, and infer
this trend [5]. These changes are highlighted in the following
three aspects.
(1) Scientific research is target-oriented. The development
of scientific research is driven by the need for expanding and
deepening scientific systems and by the need for economic
and social development. Since the beginning of the 20th
century, the purpose of basic research has gradually shifted
from curiosity-driven pure basic research (Bohr’s quadrant)
to application-oriented one (Pasteur’s quadrant) which meets
the demands of society and the country [6], focusing more on
its goal.
(2) Scientific research is increasingly organized. Scientific
research usually requires years of exploration and accumulation, accompanied by many uncertainties and high risks.
Meanwhile, as scientific research costs continue to rise, it
needs more resource support. Major scientific achievements

In recent years, the production of scientific knowledge
exhibits a practical trend due to changes in the scientific
systems and situations science faces. The supply-demand
relation between the allocation of scientific research resources and knowledge consumption has also seen transformations, reshaping the interactive relations between
science, technology, and innovation. This change, in essence,
embodies the expansion of scientific research in objects,
functions, and methods.

2.1

Expansion in scientific research objects

The “discovery of nature” is regarded as the sign of the
birth of science, that is, the core of science is to explain nature
with natural things rather than supernatural myths [8]. The
“nature” here has two meanings: ① basic qualities or character, to explore the inner character and laws of things
through the exploration of nature; ② natural objects, or natural systems, as opposed to human creations. Natural objects
are objective, and there is no need to be discovered. Therefore, the “discovery of nature” refers to the former meaning.
However, natural objects of autonomy and internality can

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

2

grow and emerge on their own. For this reason, Aristotle
unified the two meanings of nature, and exploring the nature
and laws of natural objects has thus become the core goal of
ancient Greek and modern science. Scientific development
has also expanded human beings’ understanding of nature.
With the deepening of systematism and professionalization of science, the importance and reliability of scientific
research have become more prominent. In the 19th century,
the scientific achievements in electromagnetics represented
by Faraday and Maxwell began to be closely integrated with
industrial production and development. Since then, the
combination of scientific rationality and craftsman tradition
has nurtured many emerging industries and man-made systems, thereby fundamentally changing people’s production
and living mode. It is estimated that in 2020, the human-made
mass is approximately 1.1 trillion tons, which is close to all
living biomass on earth, and the former will be three times the
latter in 20 years if current trends remain unchanged [9].
Therefore, the scientific research objects are expanding
from natural systems to both natural and man-made systems.
Human knowledge and technology factors become increasingly complex, which not only enriches scientific research
objects but expands the scope of scientific issues. Additionally, scientific research aiming to understand the basic principles of artificial systems will make up a larger proportion.

2.2

Expansion in scientific research functions

The primary function of scientific research is rational
cognition and reasonable explanation of the objective world,
that is, taking the natural system as the object, studying its
material form, structure, nature, and movement laws to discover its objective laws. This also means that knowledge is an
end in itself instead of practicality. This concept was derived
from ancient Greek natural philosophy and continues today.
Aristotle [10] believed that “It is through wonder that men now
begin and originally began to philosophize; ... therefore if it
was to escape ignorance that men studied philosophy, it is
obvious that they pursued science for the sake of knowledge,
and not for any practical utility.” Meanwhile, scientific research not only means the expansion of human knowledge
but represents a pure power of thought. The positivism, humanism, and rational spirit of modern science have become
the ideological source of religious reform and enlightenment
in Europe. They played a significant role in promoting the
rise of European nation-states and the establishment of
democratic systems and the transformation of modernization
afterward. Science, as a power of thought, still impacts the
progress of human civilization today.
From electric technology in the 19th century to the rise of
emerging technologies such as energy, new materials, space,
and biology in the 20th century, scientific research has fully
played its role in this process. In July 1945, Vannevar
Bush [11] in Science: The Endless Frontier submitted to the

US government for the first time stated clearly the importance and necessity of science for the country, indicating
that basic research, driven by curiosity without a clear application purpose, was the source of all knowledge and constructed a “linear model” from basic research to applied
research. Practical achievements can be generated naturally
from basic research. In this way, such research can be described as “the usefulness of the useless.”
Guided by national innovation systems in different countries, scientific research has developed to a new phase with its
functions becoming more practical. Apart from achieving
“the usefulness of the useless” through linear models, scientific and technological innovation also stress learning from
engineering practice and technology development. Then
scientific issues emerging during this period can help deepen
basic research, and the innovation cycle is greatly shortened
through iterations.
To be specific, with the development of scientific methods, tools, and experiments and the institutionalization of
science education, technology is becoming more
knowledge-based, scientific, and systematic [12]. Meantime,
scientific research is increasingly indispensable to technology and engineering. Technology is the product of the combination of science and traditional craftsmanship, instead of
just a simple application of science [13]. For example, from
special scenarios to the reverse of general rules, innovations
can be seen anywhere in the field of information and communication. Many companies have developed specific
products that meet market demands and promoted continuous
upgrading through basic research based on scientific problems discovered and experience gained in practice. Therefore, the production of many technological products requires
not only a large amount of engineering technology practice
and related experience but also the ability to solve the principle issues in this field grounded on basic principles and
theories. Under the close collaboration of scientists, engineers, entrepreneurs, think tank experts, and many other
innovators, science and technology, discovery and invention,
and basic research and applied research continue to break
boundaries and integrate with each other, highlighting the
value and role of technological science [14].

2.3

Expansion in scientific research methods

Francis Bacon described the outline of the scientific
method of “hypotheses, experiments, and conclusions” in
Novum Organum in 1620. As the Royal Society was established in 1660, a group of natural philosophers gathered, and
they believed in the Bacon Method, kicking off the prelude to
scientific institutionalization. Since then, empirical science
and theoretical science have also become the main methods
of scientific research. Scientific research has witnessed great
achievements under the guidance of reductionism. However,
it still encounters many difficulties in interpreting biological
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organisms and consciousness, especially when solving complex issues in economy and society.
After the middle of the 20th century, computers, as an effective tool, played an important role in solving numerical
modeling, model fitting, simulation, and calculation optimization in various disciplines, and became a useful supplement
to empirical science and theoretical science. The latest research on nonlinearity in physics shows that when dealing
with nonlinear system mathematics that is humanly impossible to analyze, computer simulation can relate physical
characters of known microscopic objects to the basic empirical laws of complex systems, which provides another
(maybe a new) way of understanding [15]. Due to the development of supercomputing and artificial intelligence, the
processing power of computers has become stronger and
faster, and complexity science has further magnified the
value of computational science. To a certain extent, the use of
computational science in scientific research can be compared
to the use of microscopes in biology.
With the development of a new generation of information
technology such as 5G communications, Internet of Things,
big data, cloud computing, artificial intelligence, and
blockchain, it is easy to discover the power of data whether in
academia, industry, or in real economic and social life. The
massive amount of data, the tremendous increase in computing, and the development of the digital economy all nurture
the emergence of data science. In January 2007, the Turing
Award winner James Gray delivered a famous speech in the
Computer Science and Telecommunications Board of the
National Research Council (NRC-CSTB) under the title of
“e-Science: A Transformed Scientific Method.” In his
speech, Gray divided the science paradigms into four categories: in addition to empirical science, theoretical science,
and computational science that have appeared before, new
information and communication technologies are promoting
the emergence of a new paradigm, namely data-intensive
scientific discovery [16]. Gray’s prediction has been partially
fulfilled at present. Massive data has become an important
scientific research infrastructure, and data science will also
become an effective breakthrough to promote the transformation of research paradigm.

3

Policy suggestions

Facing the complex prospect of science, it is necessary to
break traditional thinking and adopt philosophies and strategies that can adapt to and promote the transformation of
scientific paradigm in scientific research and its funding.
(1) Efforts should be made to reform management methods and strengthen collaboration between different disciplines, science and technology engineering, and between
different departments. A diversified management model is to

be established through the innovative combination of linear,
reverse, and circular organization. Meanwhile, the corresponding mechanisms to coordinate different departments
and manage manpower, financial and material resources
should also be established, so that scientific research management can meet the needs of scientific development and
interdisciplinary integration.
(2) Support policies should be detailed for the differences
between various research objects. When exploring the frontiers of natural systems, we should establish a highly competitive and optimal mechanism just in the way of knowing
human beings, and provide stable and continuous support.
Additionally, it is necessary to strengthen the practice orientation of the research on man-made systems, thereby
achieving better teamwork and practical results.
(3) Measures should be taken to enhance the support of
methods and platforms for the transformation of research
paradigm. It is necessary to provide support for basic algorithm models, computer simulations of complex systems, and
corresponding general technical methods in data-driven scientific research. Through strengthening the research and
production of high-end instruments and equipment and tool
software and establishing testing and analysis platforms, we
can build a sharing mechanism and related policies should
also be formulated.
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